This paper presents a study of the physico-chemical properties of geothermal fluids, coming from some wells in Sacuieni, Bihor County, Romania. The thermal energy of the geothermal waters studied is used for heating some industrial buildings, greenhouses, and administrative buildings. Continuous monitoring of physical and chemical characteristics of geothermal waters is needed. Based on this fact, a classification of these waters has been made according to their chemical composition. Using a silica-enthalpy thermodynamic model, it was possible to estimate the deep reservoir temperature, and compare it with the temperatures at depth, calculated by the silica (quartz and chalcedony) and Na+/K+ geothermometers. The WATCH program is used to estimate the mineral deposits that may accumulate due to boiling and cooling of the geothermal fluid when it is used in heat exchangers The results are confirmed by XRD spectrometric and thermogravimetric analyses.
Geothermal systems are present in nature in many combinations of physical, chemical and geological characteristics, which are reflected in geothermal fluids properties and their potential industrial applications. An important task in the geothermal resource utilization is to estimate the reservoir temperature using geochemical studies.
Underground temperatures are estimated using chemical geothermometers. However, the deep temperatures could be underestimated because of the lateral flow of meteoric water and these differences are explained by the slow equilibrium attainment rate of geothermometers reaction [1] .
In the last few decades many researchers developed geochemical geothermometers, which could have been used for different hydrogeological conditions. In this area scientists have carried out many studies on geothermal waters [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , regarding: geochemistry [2] [3] [4] [5] 7, 8, 13] , geothermometry [2] [3] [4] [5] [6] [7] 11, 13] , mineral saturation [5, 7] , geochemical modeling [5, 8, 12 ] and X-ray diffraction measurements [9, 10] .
Geothermal water utilization in Romania [14] is based on direct use or through heat exchanger, when heated water is used as tap water in greenhouses, swimming pools and for technological purposes. Even if there are many domestic and industrial applications of geothermal water utilization, there is not too much published information on geothermal potential in the Western Plain of Romania.
Through analysis of all hydrogeological data and by tracking the results of production parameters there was found that a phenomenon frequently encountered during exploitation of geothermal water is the formation of the upper crust in the distribution pipes and on the heat exchanger surfaces.
The geothermal unit Sacuieni is part of tectonic depression Mountain Sannicolau, located on the western edge of the Pannonian Basin found in crystalline formation, at depths between 2100 and 2500 m. Further studies on chemical composition of geothermal waters of different wells in Pannonian Basin proved the possibility of their using, coming to complete the whole view on the main chemical characteristics of the reservoir [21] [22] [23] . By monitoring the chemical composition of the geothermal systems, the deposit and corrosion problems can be estimated, avoiding their occurrence by taking the right measures, in order to smartly use their potential in various urban and industrial energy applications [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
Sacuieni geothermal aquifer, a less studied area regarding the physico-chemical characteristics, but important from the economical point of view, being exploited for heating of industrial and administrative buildings, was observed in this study. Water samples from two geothermal production wells, 4076 and 4057 were analyzed for their major ions composition.
This paper presents a study of the physico-chemical monitoring of these two wells from Sacuieni, using modeling programs based on composition of these waters, in order to get useful determinations for efficient operation of geothermal fluid energy.
Experimental part
Sampling methods were applied according to the specific methodology used for geothermal fluids and the physico-chemical analysis were performed by standard accurate methods, so that the results could be used for interpretation. Analysis for sodium, potassium, calcium, magnesium and iron were carried out by atomic absorption spectroscopy, using a VARIAN SPECTRA AA 110 spectrophotometer. For silica analysis was applied a UV-Vis spectrophotometric method, by using a CARRY 50 spectrophotometer. Ammonia was colorimetrically determined. Carbon dioxide was determined by titration with hydrochloric acid solution in the presence of methyl orange. The method is based on neutralization of carbonates with hydrochloric acid to bicarbonate stage, using phenolphthalein as indicator. Chloride was analyzed by titration with silver nitrate solution in the presence of potassium chromate as indicator (Mohr method). Sulfate was analyzed by titration with barium perchlorate solution using Thorin as indicator. H 2 S determination was performed by titration with mercuric acetate in the presence of dithizone as indicator.
Scale formation has been of great concern in exploitation of geothermal resources, as scale interfere with the production capacities of wells by clogging either the boreholes or the pipes. Estimating the occurrence of solid phases which could precipitate depending on the temperature and the chemical characteristics of geothermal waters is necessary. Because of the extent of geothermal waters use, their temperatures decrease. This influences the mineral solubility. An important application of Watch program is to determine the solubility product, assuming a conductive cooling in several steps. Working with the chemical composition, the Watch program [34] allows to calculate the corresponding solubility product, Q, and compare it with theoretical solubility product, K, for different minerals. When Q<K the saturation index is negative and the solution under-saturated regarding the mineral considered. When Q>K the solution is supersaturated and when Q=K the solution is exactly saturated or in equilibrium with the mineral considered.
Solid samples of mineral deposits taken from plate exchangers when they had been cleaned, were structurally analyzed by thermo-differential analysis and by X-ray analysis. For thermal and thermo-differential analysis of the solid samples, a Q-1500D derivatograph was used [6, 7] . Thermal regime selected was 20°/min to 1000°C. Recorder sensitivity was: the TG -500µV, the DTA -500µV, and the DTG -l mV. The paper advance speed was 5 mm / minute. The X-ray analysis were done with a PHILIPS PW 1400 X-ray spectrometer using KαCu radiation, at chamber temperature, resulting in information on existing crystals in the solid samples.
Results and discussions
Experimental data on the chemical composition of geothermal water taken in the study are presented in Table  1 .
An initial classification of the studied waters, in terms of major cations was done by using the Na + -K + -Mg 2+ ternary diagram [2, 3] (Figure 1) . Sodium is the dominant cation in both water samples. Waters from well 4076 plot in the partial equilibration area, being close to Arnorsson's equilibrium curve. This is a good indication that these waters can safely be used for geothermometry calculations. Partial equilibration may be due to reactions with the wall rocks during re-equilibration or could result from mixing. Waters from well 4057 reach the fully equilibrated water curve after Arnorsson.
Another classification of geothermal waters concerning the major anions [1] is illustrated in the triangular diagram Cl -, SO4 2and HCO 3 -, figure 2. Waters from the two wells from Sacuieni fall in the field of peripheral waters. The samples are rich in bicarbonate.
Depth Temperature Estimation of the Geothermal Reservoir
A series of indicators to estimate the temperature of water depth were applied. The use of geothermometers is based on the assumption that there is an equilibrium between the rock minerals and the fluid from the reservoir. The chemical composition of the surface fluid is mainly controlled by rock mineral composition and the deep reservoir temperature. The solubility of some components of the geothermal fluid is controlled by the temperature. The temperatures resulting from calculations with geothermometers by the Watch program are presented in Table 2 . Table 2 TEMPERATURES RESULTED BY WATCH PROGRAM CALCULATIONS Fig.3 . Silica-enthalpy model Silica geothermometers temperatures are closer to the wellhead temperatures than the values given by Na/K geothermometer. It seems that quartz geothermometer [5] control better the temperature of silica equilibrium in the reservoir. The Na/K geothermometer does not give good results for these low-temperature geothermal waters.
Another way to estimate the geothermal reservoir temperature is by using the silica-enthalpy model [4] . It is assumed that the geothermal water at the surface is the result of geothermal hot water mixed with cold water. The diagrams (Figure 3a and b) plot silica versus the enthalpy of water, giving the temperature of the deep hot water component.
The cold water point was assumed to represent the hypothetical cold ground water of 10 o C temperature and 20 mg SiO 2 /L in the study area. The intersection point of the cold water -geothermal water line with the solubility of chalcedony curve gives the silica content and the enthalpy of the deep hot water component, and its temperature are obtained from the steam tables. Based on this model, a temperature of 151.9 o C was obtained for the deep geothermal water from well 4076 and 96.43 o C for deep geothermal water from well 4057.
As a result, it means that there is a mixing of hot geothermal water with cold water from the upper layers, causing the cooling of the water which reaches the surface. The temperatures measured at the wellhead were 81°C for waters from geothermal well 4076 and 82°C for geothermal water from well 4057, values close to those calculated by the quartz and chalcedony geothermometers.
The assessment of scaling problems was conducted through the interpretation of analytical data by the use of Watch program, being calculated the log solubility index for different minerals. The data from Watch program are presented in Tables 4 and 5 and illustrated in Figures 4a and b .
For the geothermal water from well 4057 from Sacuieni was recorded a supersaturation with anhydrite, quartz, and chalcedony at lower temperatures which can be reached in the distribution equipment during geothermal water utilization. Calcite corresponding curve lies above the equilibrium line. It might be expected calcium carbonate deposition at wellhead temperature and also at lower temperatures. There is undersaturation in respect with remaining calculated minerals.
In the sample from well 4076 from Sacuieni quartz, chalcedony and calcite are supersaturated, while other minerals have spread curves below the saturation line, indicating undersaturation in relation to those minerals.
Structural analysis of scales
From the thermo-differential diagram (Figure 5a ) obtained for the solid deposition from well 4057 it can be noticed a decomposition process that starts slowly at about 730°C and reaches a maximum at 960°C. The mass loss is about 44.56% in the range of temperatures 700-1000°C. The thermo-differential analysis of the solid sample Figure 5b) shows an endothermic effect which starts at about 765°C and it has a maximum at 985°C, the mass loss being 42.88 %. These results might indicate a carbonate mineral in the solid samples, the mass losses being CO 2 . The X-Ray diagrams (Figures 6a and b) for the solid scales from wells 4076, respectively 4057 indicate the presence of calcite, magnesia and quartz crystals [35] . X-ray diffraction spectrometric analysis of the samples in Sãcuieni confirmed that calcium carbonate and magnesium carbonate are the major components of the sample submission and to a lesser extent in the form of quartz.
By applying the ternary diagram, it results that the studied waters are sodium bicarbonated, both waters plot close to Arnorsson's equilibrium curve in the Na + -K + -Mg 2+ diagram and a little away from Giggenbach's curve, this being an indicator of possible mixing. In the Cl --SO 4 2--HCO 3 ternary diagram both waters from Sacuieni plot near the corner of HCO 3 and they are peripheral waters. By monitoring the chemical composition of geothermal systems, the deposit and corrosion problems can be estimated, avoiding their occurrence by taking optimization measures. By Watch simulation program there were evaluated possible mineral deposits by calculation the saturation indexes at the measured temperatures and at lower temperatures which can result during exploitation. The solid samples were structurally analyzed, being confirmed calcium carbonate in the crystalline form of calcite as major component of the sample, magnesia and quartz. Calcite and quartz were evaluated by Watch simulation program. Knowing the structure of deposits will help to establish the optimum conditions of operation in order to prevent encrustation. 
Conclusions
Geochemical data accuracy depends on the methods used for water sampling and analysing of physical and chemical characteristics of geothermal waters. Laboratory test results were processed and monitored with the help of modeling. The silica geothermometers used to calculate the temperature of geothermal reservoirs gave very close results to the temperatures measured when sampling. The temperatures of the geothermal reservoirs were also established with the silica-enthalpy model. For the two samples in study, there was found that the temperature of geothermal water in the reservoir is higher than the wellhead temperature. This is explained by the mixing with cold water in the upper part or at the contact with rocks.
Our study allows to determine the optimal conditions for an efficient exploitation of these geothermal waters for different industrial and domestic purposes.
